is absorbed in the atmosphere, the NIR water vapor bands.
Thus, we see no way of defending Stephen's statement that conclusions based on broad-band measurements (1) are inconsistent with other existing data sets where discrepancies were found to occur between measurements in spectral bands and theory. Instead, the broad-band solar absorption findings presented in our report (1) are entirely consistent with existing spectral data sets, as both show cloud absorption to be greater than the magnitude predicted by theory.
Stephens makes another critical error when determining cloud absorption with the use of results shown in figure 6 of our report (1) . Stephens determined cloud absorption, A, from the relationship A + R + T = 1, where R is reflectance and T is transmission, and he states that figure 6 in our report (1 ) indicates that a cloud with reflectance (albedo) 0.45 would absorb 0.40. His error is in assuming A occurs entirely in cloud. He does not account for the absorbing surface or for the lower 10 km of the atmosphere as well. An appropriate relationship between R and A is R + A = 1, where A now is the fractional absorption by the combined atmosphere-surface system (7). The analysis shown in figure 6 in our report is not by itself sufficient to determine cloud absorption; again we would refer the reader to figure 2 in our report (or Fig. 1 here) . Consequently, contrary to Stephens erroneous conclusion, in our report (1) figure 1 tions. They conclude that i to i' + 5 interhelical salt bridges will not necessarily contribute favorably (and in some cases will be unfavorable) to coiled-coil stability and dimerization specificity. They suggest that if there was a favorable electrostatic interaction in the folded GCN4-pl, the pKa of Glu side chains should have been lower than in the unfolded form.
Lumb and Kim's interpretation of their results is not consistent with the experimental findings that charged side chains at these positions have been shown to play a key role in dimerization specificity (heterodimer formation) of Fos-Jun leucine zippers and de novo designed coiled coils (2) .
Electrostatics have also been shown to control chain orientation (parallel versus antiparallel) in model coiled coils (3). Destabilization of homodimers by side chains bearing like charges at these positions is the mechanism proposed to favor heterodimer formation where potential interhelical i to i' + 5 salt bridges can form (2, 3). Double-mutant cycle analyses carried out in our laboratory on designed coiled coils have shown that the net electrostatic contribution per interhelical Glu-Lys salt bridge is -0.4 kcal/mol (4) and +0.5 kcal/ mol per Glu-Glu repulsion (5).
Because Glu22'22' are involved in hydrophobic interactions with Val23"'23 through their methylenes [see figure 2C of (1)], the solvent accessibly of the charged carboxylate should accordingly be, on a time average, lower in the folded than in the unfolded form. Therefore, in the folded form of GCN4-pl, Glu22'22' will likely suffer a decrease in solvation free energy (positive AAG solvation). Unless there is strong evidence that this likely loss of solvation free energy is exactly compensated by a negative AAGdipole term or that both of these terms are equal to zero, one cannot conclude that there is no favorable contribution to the stability of GNC4-pl from electrostatic interactions (negative AAG int) arising from the putative salt bridges between Glu22'22' and Lys27'"27 on the basis of no change in the PKa of Glu22'22'. On the other hand, hydrophobic interactions involving Glu22'22' in the folded form could play a crucial role in the net electrostatic contribution of these salt bridges to coiled-coil stability. A decrease in solvation free energy of the charged carboxylates of Glu22'22' in the folded form could be compensated for by the formation of hydrophobic interactions (involving the methylenes of Glu22'22' and Val23'23 side chains at positions a), leaving a net stabilization provided by purely electrostatic interactions between Glu and Lys side chains at neutral pH, as determined by double-mutant cycle analysis on de novo designed coiled coils in our laboratory (4).
Lumb and Kim (1) state that when Glu 2020' are replaced by Gln residues, the stability of GCN4-pl is increased. To explain this result, they propose that Gln side chains pack more efficiently than Glu side chains at the dimer interface. This is more a consequence rather than an explanation. The solvation free energy of a neutral polar group is about 60 kcal/mol less than that of a charged group (6) (4) .
Response: Basic-region leucine zipper (bZIP) transcription factors bind to DNA as homoor heterodimers, and the specificity of dimerization resides in the leucine-zipper region, a parallel, two-stranded coiled coil (1) . Since 1972, interhelical salt bridges in coiled coils have been assumed to be important for stability and dimerization specificity [see (2) ]. Our study of the GCN4 leucine zipper (2) challenges this long-held assumption and will naturally attract scrutiny. We welcome the opportunity to discuss the comments raised by Hodges and co-workers. In particular, it is important to distinguish between pKa measurements and double-mutant cycle analyses.
First, although there are several factors that affect pKa values in proteins (3), the difference in pK'. between the folded and unfolded states provides a direct measure of the contribution of an ionizable group to the free energy of folding (AGf). This statement is a consequence of thermodynamics (3, 4) . If a negatively charged residue contributes favorably to AGf, the pK., will be lower in the folded than in the unfolded state (Fig. 1) . A classic example of a salt bridge stabilizing a protein and thereby reducing a pK., is the activating salt bridge of chymotrypsin; a dramatic example is the buried salt bridge in T4 lysozyme (5) .
Values of pKa, can be measured accurately using the '3C-NMR method described in our report (2) . In particular, pKa value for the unfolded-state was measured rather than estimated. These pK., measurements indicate unambiguously (2) that the negatively charged Glu residues that form salt bridges in the crystal structures of the GCN4 leucine zipper [figure 2A in (2) ; see also (6, 7)] do not make favorable contributions to AGf, relative to the corresponding situation in which the Glu residues are neutral (protonated). Second, although it is possible that the situation differs in solution, our study focused on residues that actually form salt bridges in high-resolution x-ray crystal structures (6, 7). In contrast, salt bridge formation has been assumed in the doublemutant cycle studies referred to by Hodges et al. (8) . There are numerous examples of potential salt bridges that do not actually form in crystal structures of various leucine zippers (6, 7, 9) .
Third, contrary to the statements of Hodges et al., double-mutant cycle studies do not necessarily measure electrostatic interactions (10). In a double-mutant cycle, the residues of interest are mutated separately and together to measure the free energy of interaction between the two residues of interest, called the coupling energy (10, 1 ) . The essential point is that the coupling energy will contain contributions from all interactions between the residues of interest, not just electrostatic. The coupling energy may reflect, for example, contributions from solvation, van der Waals contacts and indirect effects propagated through the structure as a result of the mutations (10).
Fersht et al. (10) have explained succinctly that in order for a coupling energy to constitute a measure of an electrostatic interaction, it must be shown that (i) the nonelectrostatic contributions to the coupling energy in the single mutants are additive in the double mutant and, (ii) there are no conformational changes in the mutant proteins that alter the electrostatic interactions of the unmutated charged residue with the rest of the protein.
To demonstrate that the nonelectrostatic terms are additive, the coupling energy must be shown to be negligible at high ionic strength, where coulombic interactions are screened (10). To rule out conformational changes requires high-resolution structural data. Neither of these requirements have been established in the doublemutant cycle studies of putative interhelical salt bridges in coiled coils performed to date (8, 12) . Thus, although it is possible that the coupling energies obtained in these studies correspond to electrostatic effects, it has not been determined if these studies are measuring only (or even predominantly) the electrostatic interaction between the residues of interest.
Indeed, it seems likely that large, nonadditive free energy terms will result from structural reorganization at the hydrophobic helical interfaces of the mutant coiled coils. In the double-mutant cycle studies of salt bridges in coiled coils reported to date, residues at positions g' and e are changed to Ala or Gln (8, 12) . This effective removal of the side chain, especially for the long side chains of Lys and Arg, will almost certainly change the hydrophobic contacts in the interhelical core, which consists of residues at positions a, d', e, and g', where prime (') denotes residues of the opposing helix (6, 7, 9) . Hydrophobic interactions are substantial (13) and could easily contribute 1 kcal/ mol to the coupling energy. In the absence of high-resolution structural data, one cannot assume that the structural consequences of such indelicate mutations are additive.
The largest favorable coupling energies that have been observed in coiled coils are between Glu and Arg residues in studies of the VBP leucine zipper by Vinson and colleagues [about -1 kcal/mol, relative to Ala 
